Introduction
Entomologists at several Midwestern universities have evaluated the root protection afforded by using less than labeled application rates of soil insecticides for corn rootworms since the early 1970s (Gray et. al. 1990 ). Most soil insecticides registered for corn rootworm larval control are labeled to be applied at 1.0 pound of actual insecticide per acre. This rate was established with little regard for the ability of currently grown hybrids to compensate for corn rootworm injury (Steffey et al. 1989) . In addition, the 1.0 pound rate was intended to provide root protection at or below a root rating of 3 (several roots eaten off to within 1 112 inches of plant) on the Iowa 1 to 6 scale (Hills and Peters 1971) . Some entomologists currently believe the economic injury level of 3 is too low and that a root rating of 4 (1 node of roots completely destroyed) might be more realistic (Sutter et al. 1990 ). Achieving a root damage rating of 3 or below may not be worth the environmental and economic costs associated with keeping insecticide application rates at the 1.0 pound level.
University Trials
Trials conducted at Iowa State University from 1973 to 1989 indicate that any of the insecticides that were examined typically kept root damage well within the targeted rating of 3 at any of the tested rates (Gray et al. 1990) . When the root damage moved beyond a rating of 3, all of the rates for a particular product, including the highest recommended rate, seemed predisposed to a higher damage rating. In short, these data indicated that if an insecticide protects (protection implying near a root rating of 3) a root system adequately at a full rate, it was most often the case that similar protection occurred at a reduced rate.
If a producer were to use a soil insecticide at a reduced rate, would there be a greater likelihood of more erratic root protection? Data accumulated at South Dakota State University by entomologists beginning in 1974 helped to answer this question. Root damage ratings for several insecticides at two reduced rates were compiled (Gray et al. 1990 ) from many trials over a 13 year period (1974) (1975) (1976) (1977) (1978) (1979) (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) . In addition to comparing root rating averages with untreated controls, root damage ranges were compiled. These data from South Dakota indicate a remarkable similarity between reduced rates and full rates with respect to root rating averages and range of root ratings for all insecticides examined.
Since 1987, entomologists at the University of Illinois have increased their efforts to better understand what level of root protection may be afforded to plants when reduced rates of an insecticide are used. Thus far, results from experiments in Illinois indicate that reduced rates of many products compare very favorably with the full recommended rates of these insecticides.
Data collected from university trials in Illinois, Iowa, and South Dakota seem to be pointing in the same direction. That is, when reduced rates of some products are used they most often provide adequate root protection, using a root rating of 3 as the economic injury level.
If university research data indicate that less than labeled application rates of soil insecticides provide adequate root protection, why hasn't this practice been recommended by Extension entomologists? This question is especially pertinent if asked within the context of the escalating environmental concerns of our society. We have struggled to answer this question adequately.
Our primary obstacle against recommending the use of less than labeled rates has been the question of legal liability. If a producer were to use a soil insecticide at less than the labeled rate for corn rootworm control, manufacturers of the product would not be held liable for less than satisfactory performance of the insecticide. Obviously, most farmers are unwilling to take this chance. Thus far, insecticide manufacturers have not listed lower rates on their labels, obviously not convinced that data from university trials would support this initiative. Despite supportive data, extension entomologists also have not recommended the use of less-than-labeled rates for corn rootworm control. Producers continue to wait for an answer.
A pivotal question raised by manufacturers centers around the ability of farmers to satisfactorily use less than labeled rates. Would root protection on the farm be similar to the results from university experiments? More could farmers accurately calibrate their planters to deliver a soil insecticide at a reduced rate and still maintain root protection? In order to answer this question, we coordinated 29 on-farm research experiments across northern Illinois during the summers of 1990 and 1991. The project was funded by the Illinois Department of Energy and Natural Resources.
Project Organization and Objectives
On March 26 and 27, 1990, we met with county Extension advisers and volunteer producers in Galesburg and Shabonna, Illinois, respectively. Advisers and producers were divided into these two groups so that we could more effectively demonstrate how to use the planter calibration equipment. Twenty-nine farmers volunteered for this project with three producers per county being most typical. These objectives were discussed with the advisers and producers during each of the initial meetings.
1. Evaluate the potential efficacy of reduced rates of soil insecticides registered for corn rootworms, when applied by producers with their own machinery.
2. Educate producers who grow corn continuously on the importance of crop rotation in the long-term management of corn rootworm populations.
3. Teach producers how to calibrate their planters properly before they apply a soil insecticide, and stress the importance of safety and proper handling of soil insecticides.
4. Educate growers and county Extension advisers about establishing replicated field experiments so that results may be properly analyzed and understood.
5. Assist in the establishment of a forum in which county Extension advisers and producers can jointly present the results of their experiments with other producers in the county.
Calibration and Experimental Design
To accomplish the objective regarding insecticide calibration, we brought our John Deere Max Emerge planter to both meetings so we could properly demonstrate correct calibration techniques. Stationary calibration units, insecticide collection tubes, and stop watches were loaned to each of five pairs of county advisers and were used to assist farmers during calibration of their own planters. Extension advisers and producers were asked to record planter box insecticide settings and the amount of insecticide collected for each setting at both insecticide rates (labeled and reduced). Producers were strongly encouraged to continue the calibration process if the amount of insecticide collected was more than 10 % over or under the amount required. A three page document entitled "Calibration of Planters for Delivery of Soil Insecticides" was provided to all project participants.
After the calibration demonstration, we began a discussion about experimental design and the importance of randomization and replication of treatments. The considerable field plot variation that can occur was emphasized by using a worksheet on a corn variety yield trial. After the worksheet exercise was completed, each farmer was given a plot plan. Each plot design included three randomized treatments (labeled rate, 3/4 rate, and untreated check) for each of four replicates.
Planting Dates 1990
Planting dates varied considerably among cooperators, ranging from April 25 to May 24.
Of the 29 experiments, 19 were planted during the week of April 29 to May 6, 1990. Extension advisers and producers worked together in putting out each experiment according to the plot plan they had been given at the March planning session. The most important feature that each plot required was to have been planted to corn the previous year (1989) . This was necessary to increase the likelihood of rootworm damage in each trial. Corn planted after another crop, especially soybeans, is rarely infested with corn rootworm larvae.
1991
Planting began two weeks earlier in 1991 than in 1990; however, the planting duration for all trials lasted approximately one month each year. Sixteen of the 29 experiments were planted in April and 11 were planted during the first week of May. The range in planting dates for the 1991 season was from April 11 to May 10.
We report planting dates for each year because of the concern about early planting and possible soil insecticide loss prior to the larval rootworm feeding period in June and July. This concern becomes magnified when less-than-labeled rates are applied at planting. The legitimacy of this concern can now be better evaluated because of the large number of early planting dates during this research . During the two years of this study, 25 of the 58 trials were planted in April.
Com Varieties 1990
Twenty-six different varieties were grown by the 29 producers. Only three varieties were planted twice: Pioneer 3379, Pioneer 3417, and Wyffels 520. This diversity in hybrid selection illustrates one of the important advantages of on-farm research: examining treatment effects under a greater diversity of agronomic conditions and circumstances.
1991
As in 1990, the cooperators planted a large number of commercial corn varieties. Twenty-six varieties of corn were planted by the 29 cooperators. The following nine varieties were grown during both years of the study: Asgrow 746, Dekalb 612, Dekalb 535, Dekalb 636, Garst 8532, Hughes 5870, Pioneer 3379, Pioneer 3417, and Wyffels 670.
Planters Used 1990
Most of the producers used one of two types of planters, International Harvester (12 farmers) and John Deere (14 farmers) . Two farmers used Kinze planters and one producer used a White planter. Many insecticide efficacy trials conducted by universities have traditionally relied on John Deere planters. This over-reliance on one planter type has been criticized. Do planters manufactured by different companies deliver and incorporate soil insecticide granules with the same degree of precision and accuracy? Does root protection differ appreciably if different planters are used to apply a soil insecticide? If a researcher has always used one design of planter, these questions are more difficult to answer satisfactorily.
1991
Because the majority of producers (22) who participated in the 1991 trials also cooperated with us during 1990, the type of planter used from one year to the next did not change for most farmers. In 1991, most farmers used either International Harvester (12 farmers) or John Deere (12 farmers) planters. Three farmers used White planters and two used Kinze planters.
Insecticides and Rates Used 1990
We evaluated the performance of five soil insecticides. These insecticides along with the number of producers using a particular product were: Counter (15), Dyfonate (4), Force (2), Furadan (3), and Lorsban (6). One producer included both Dyfonate and Lorsban in his experiment. Three classes of insecticide chemistry were represented in the experiments. Counter (terbufos), Dyfonate (fonofos), and Lorsban (chlorpyrifos) are organophosphate insecticides and are labeled for application at approximately 1 pound of actual insecticide per acre for corn rootworm control. Furadan (carbofuran) is a carbamate and also is labeled for application at approximately 1 pound of actual insecticide per acre. Force (tefluthrin) is the newest soil insecticide and belongs to the pyrethroid class of insecticides. Force is very unique among the soil insecticides and is labeled to be applied at approximately 0.1 pound of actual insecticide per acre.
1991
Six different soil insecticides were evaluated during the 1991 season and are listed accordingly with the number of trials in which each product was used given in parentheses: Counter (9), Dyfonate (4), Force (6), Furadan (2), Lorsban (8), and Thimet (1). Counter was the product most often used in both years of the study; however, six fewer farmers selected this insecticide in 1991. In contrast, four more farmers in 1991 elected to use Force (tefluthrin).
Some insecticide product labels discuss application rates in terms of the "amount of product applied per 1,000 feet of row." Because of this, the actual amount of insecticide applied per acre differs according to a producer's row spacing. The standard application rate of 1.0 pound of actual insecticide per acre, is based upon a 40-inch row spacing. Many producers today grow corn on 30-inch rows. A farmer who applies 8 ounces of a 15 percent active formulation every 1,000 feet of row, for a 30-inch row spacing, is actually treating the field with 1.3 pounds of actual insecticide per acre.
Root Damage Evaluations -How Were Plants Selected? 1990
In mid July, roots were dug in all 29 experiments and evaluated for rootworm injury using the Iowa 1 to 6 damage scale. A total of 4,526 roots were evaluated for rootworm injury. At least 10 roots per replicate by treatment combination were randomly selected and dug throughout the length of a plot, and then rated for damage. Seven experiments included treatments that were very long, ranging in length from 475 to 2,560 feet. In those fields, 20 roots were randomly selected throughout the length of the plot for each replicate by treatment combination. The most common treatment length for a plot ranged from 200 to 500 feet. Treatment width was dependent upon planter size and ranged from four to eight rows, the former being most common.
1991
A total of 3,760 roots were rated for injury in July of 1991. In each of the farmer's experiments, 10 roots were dug and evaluated for each replicate and treatment combination (typically 120 roots per field). Plot length ranged from 153 to 1,076 feet. Treatment widths were generally similar to that in 1990.
In standard university insecticide efficacy trials, soil insecticide treatments are typically applied in single rows that are 50 to 100 feet long. Five roots are dug from each replicate by treatment combination. Because of the shorter treatment length, and consequently less variation in rootworm densities, variation in root damage is less in university efficacy trials. This allows us to dig fewer roots and still evaluate insecticide performance satisfactorily. Due to the large size of these on-farm experiments, and, therefore, the greater variation in rootworm densities across fields, we were required to dig more roots for each treatment.
Root Damage Evaluations -The Results

1990
Slightly more than one-half of the farmers (15) elected to use Counter, thus this insecticide was evaluated over a wider range of conditions than the other products. Of the 15 producers using Counter, 11 had root damage at or above a root rating of 3 in the untreated check. Four experimental plots did not have sufficient rootworm damage and were not considered adequate tests for estimating the efficacy of Counter at reduced application rates. Root damage was not statistically different between the labeled and reduced application rates of Counter in 9 of the 11 experiments in which roots from the untreated check had damage at or above a rating of 3. In one of the two experiments in which statistical differences occurred between the application rates, the use of either rate of Counter resulted in root damage below a rating of 2.
Across all trials, either application rate of Counter typically kept root damage at or below a rating of 3. However, in at least one other trial, roots were heavily damaged (root rating of 4) regardless of application rate. These data imply that if root protection in a given field is not adequate when a reduced rate of Counter is used, use of the labeled rate may also provide less than satisfactory root protection in the same field.
Dyfonate was applied by only four producers. Unfortunately, only one of these four trials had enough root damage to make any valid comparison between the treatments. In this experiment, root damage did not statistically differ between the labeled and reduced application rate. Roots from this field averaged 3 in the untreated check.
Force was applied by only two producers. No statistical difference in root damage occurred between the labeled and reduced application rates in either location. The roots from the untreated check in both experiments averaged at least 4 (one node of roots completely destroyed) on the root damage scale. These data indicate that Force applied at 3/4 the labeled rate, protected roots at a comparable level to that of the labeled rate, even under moderately heavy rootworm pressure.
Three farmers used Furadan; however, one producer did not have enough rootworm damage in his field to provide an adequate challenge for the reduced application rate. No statistical difference in root damage was detected between labeled and reduced rates of Furadan in the other two experiments.
Lorsban was applied in six trials. Two of the experiments did not have sufficient rootworm damage to adequately test the effectiveness of Lorsban when applied at reduced rates. Root damage did not statistically differ between the labeled and reduced application rates _in the other four trials.
1991
The level of root damage in 1991 was well below that experienced by the cooperators in 1990. Only six trials, compared with 17 in 1990, had average root injury in the untreated check (control) equal to or above a root rating of 3 on the damage scale. In 1991 , the insecticides applied at the 3/4 rate provided comparable root protection to the labeled rate. No significant difference in root protection was observed between the labeled and 3/4 rates in any of the six trials in which the untreated check (control) was above or equal to a rating of 3.0. The products used in these six experiments were Force (one trial), Dyfonate (two trials), and Lorsban (three trials). None of the 1991 trials in which Counter was used had average root ratings in the untreated check above a rating of 3. This is strikingly different from the 1990 study in which 11 of the 15 experiments ·where Counter was used had average root damage in the control at or above a rating of 3.
Yield Evaluations 1990 Yield Results
A significant difference in yield between the labeled and 3/4 application rates was observed in only one of 26 harvested trials (Force used). In 19 trials, yields were higher in plots treated with the labeled rate than in plots treated with the 3/4 rate. In contrast, in eight experiments, yields were higher in plots treated with the 3/4 rate than in plots treated with the labeled rate.
Well over one-half of the trials (17/26 or 65%) showed no significant differences in yields between the labeled rate and the untreated check. Twelve of these experiments had root damage in the control of at least a rating of 3 or greater. Results such as these call into question the validity of using a root rating of 3 as the economic injury level. In all but two experiments, yields were numerically greater in plots treated with the labeled rate than in the untreated check plots.
Yield Results
Significant differences in yield between the labeled and 3/4 rates were observed in three trials; Counter was used in two of these trials (the yield was greater in the 3/4 rate treatment in one of the experiments), Force was used in the other trial. In 16 experiments, yields were greater in plots treated with the labeled rate than in the those treated with the 3/4 rate. Fourteen of the trials had yields that were greater in plots treated with the 3/4 rate than in those in which the labeled rate was applied.
No significant difference in yields was observed between the labeled application rate of the chosen insecticide and the untreated check in 22 experiments (76% of the trials). Yields in plots treated with the labeled rate of an insecticide were numerically greater (not significantly greater) in 22 of the experiments; however, in eight trials, yields were greater in the control plots than in the plots treated with the labeled rate. The full position statement for 1992 is printed in the 1992 Illinois Pest Control Handbook. We include in this paper the most pertinent changes from last year's version.
"Results from on-farm experiments in northern Illinois over the last two years (58 experiments), along with findings generated from university trials conducted throughout the Midwest for several years, lead Extension entomologists at the University of Illinois to the following conclusions:
1. Reduced application rates (25 percent reduction) of several commonly used insecticides provide equivalent root protection to the labeled rates based upon results from university trials and on-farm experiments.
2. When reduced application rates fail to provide adequate root protection, performance of the insecticide applied at the labeled rate is typically also poor.
3. Producers who calibrate their planters to delivers soil insecticides precisely at the reduced rate (25 percent reduction) can achieve root protection comparable to the labeled rate.
4. Producers who are interested in trying reduced application rates should not reduce rates by more than 25 percent.
5. Producers should leave a check or an untreated area (no insecticide used) in any field where an insecticide is used at either the labeled or reduced rate. This will enable producers to make a valid comparison of root damage in treated and untreated areas of a field. This is the only method by which the root protection afforded by an insecticide can be judged adequately.
6. Producers should scout their cornfields (devoted to continuous corn production) for rootworm beetles each summer to determine the need for a soil insecticide the following year at planting. In 1991, 79 percent (23 percent) of the on-farm experiments would not have required any insecticide application at planting. {The last sentence was based upon using a root rating of 3.0 as the economic injury level}.
"The intent of this position statement is not to make any recommendation for the use of reduced insecticide application rates. Instead, our purpose is to share with the producers of Illinois and the general public the results we have obtained from university plots and also from on-farm experiments in 1990 and 1991. The producers within Illinois will ultimately decide the insecticide rate they want to deliver to the soil each spring. However, until insecticide manufacturers are willing to show some flexibility in their labeled application rates, farmers will continue to assume all legal responsibility for the use of any insecticide applied at a less than labeled rate." Summary A significant portion of the corn acreage in Illinois is grown without crop rotation (2,810,192 acres; 26% of total corn acreage) . The great majority of the acres (88%) devoted to continuous corn production are treated each year at planting with a soil insecticide (Pike et al. 1991) . Our results suggest that in Illinois, the magnitude of the perceived need for soil insecticide use (at any rate) to protect root systems from larval injury is exaggerated. In 1990, 17 of the 29 experiments (58.6%) had root damage in the untreated checks that averaged 3 or above on the root damage scale; in 1991, only 6 of 29 trials (20.7%) fit this description. If we combine the years, only 23 of the 58 experiments (39.7%) had root damage at or above the "economic injury level." If we use the new economic injury level of 4 proposed by Sutter et al. (1990) , then not a single trial (0/29) in 1991 had average damage in the untreated check at the economic level. In 1990, eight trials (27.6%) had average damage in the untreated check at or above a root rating of 4 (Gray et al. 1991) . Regardless of the economic injury level that is used, our root rating data strongly suggest that farmers in Illinois are using soil insecticides on far more continuous corn acres than necessary.
By examining the yield results from both years, we see even more clearly that the use of soil insecticides was not warranted in most trials. In 1990, 17 of the 26 experiments (65%) had no significant difference in yields between the labeled rate of the insecticide and the untreated control treatment. Yield results from 1991 indicated that 22 of the 29 trials (76%) had no significant difference between the labeled rate and the untreated check. Differences in yield between the labeled and 3/4 insecticide application rates were negligible in each year of the study. These yield data, when examined along with the root rating data, strongly suggest that the "wisdom" of applying a soil insecticide each spring to 88% of the continuous corn acres in Illinois is anything but a sage choice.
Future Plans
Based upon our results over the last two years, it should be obvious that farmers must "fme tune" their pest management decision making process when it comes to corn rootworms. Scouting for corn rootworm beetles during the summer and determining the need for a soil insecticide the following year has never been accepted by most farmers in the Midwest. However, it is our opinion that if this tactic had been adopted, many acres of corn could have been spared a soil insecticide application at planting.
